Objective: To describe a registry set up to monitor children treated with etanercept in Germany and Austria. Methods: Giannini's criteria, duration of morning stiffness, number of swollen, tender and contracted joints, adverse events, and reasons for discontinuation were assessed. Results: 322 patients with juvenile idiopathic arthritis (JIA) and 12 additional patients with non-JIA rheumatic diagnoses were included. Therapeutic efficacy was observed from one month after treatment was started. The number of patients with significant improvement and the degree of improvement increased during the first year. The mean (SD) number of tender and swollen joints decreased from 9 (9) and 8.4 (9) to 3.0 (6.5) and 4.5 (7) after one month, and to 2.2 (5.5) and 3.3 (5.5) after three months; morning stiffness decreased from 45 (65) minutes to 12 (30) and 7 (19) after one and three months (p,0.001 for all). Using Gianinni's criteria of 30%, 50%, and 70% improvement, a therapeutic response in JIA patients was achieved in, respectively, 66%, 54%, and 30% after one month, 78%, 61%, and 38% after three months, and 83%, 72%, and 52% after six months. Therapeutic efficacy was lower in patients with systemic onset arthritis. Overall tolerability was good: in 592 patient treatment-years there were 69 reports of adverse events in 56 patients, including one CNS demyelination. There were no opportunistic infections or lupus-like reactions. Treatment was discontinued in 53 JIA patients, in 25 because of lack of efficacy. Conclusion: Etanercept treatment was safe and led to a significant improvement in most JIA patients resistant to conventional treatment.
J uvenile idiopathic arthritis (JIA; juvenile rheumatoid arthritis) is one of the most common inflammatory diseases in childhood and is a major cause of disability. [1] [2] [3] Although the overall prognosis for most children with chronic arthritis is good, 5-10% of cases are refractory to conventional treatment, especially those with the systemic and polyarticular onset forms. 4 5 Treatment resistant patients can develop severe joint destruction, growth retardation, and various adverse effects from long term treatment. Recently, the introduction of anti-tumour necrosis factor a (anti-TNFa) treatment appears to have had a major impact on the outcome of patients with polyarticular JIA. An example of this type of drug, etanercept, has been approved and licensed for the treatment of active, treatment resistant polyarticular juvenile arthritis in patients aged at least four years following a single randomised controlled study. 6 Subsequently, several reports of open label treatment of a limited number of children have been published, [7] [8] [9] [10] [11] [12] [13] underlining the remarkable therapeutic efficacy of the drug.
In order to monitor prospectively the long term safety and efficacy of etanercept in children, a registry was set up by paediatric rheumatologists in Germany and Austria.
METHODS
The study protocol was evaluated by the ethics committee of the University Halle, and recruitment of patients started in January 2001. Written informed consent was obtained by the responsible physicians. The patient data were anonymised. In order to be eligible for treatment with etanercept, failure to respond to methotrexate was required. 14 The recommended dosage and treatment schedule of etanercept is 0.4 mg/kg body weight subcutaneously twice weekly. The patient's history, previous treatments, and concomitant therapy were documented. The diagnoses are listed in table 1. The disease failed to respond to treatment with at least one, two, three, or more disease modifying antirheumatic drugs (DMARD) in 99%, 69%, 44%, and 18% of patients, respectively.
For rheumatological follow up, the following data were collected [15] [16] [17] [18] : N number of joints with limited range of motion; N erythrocyte sedimentation rate (ESR); N duration of morning stiffness.
Owing to the character of this study not all criteria were available from every point in time for every patient. To meet the definition of improvement at a certain point, patients had to have a 30% or greater improvement from the baseline in at least three of six available variables. They could also show a deterioration of 30% in no more than one variable. Though a small number of patients discontinued treatment, the data were expressed as the last observation carried forward (LOCF).
Statistical analysis
Differences in the efficacy assessment indices were evaluated using the Wilcoxon matched pairs test. For comparison between systemic onset and non-systemic onset JIA patients, the x 2 test was used. In all, 270 patients were treated for at least three months and were suitable for evaluation of efficacy according to the modified core set criteria. Of these, 32 discontinued treatment prematurely. At the time of discontinuation, a 30%, 50%, or 70% improvement was observed in 22, 17, and 10 patients. By ''last observation carried forward'' (LOCF) analysis, a therapeutic response according to the JIA 30, 50, and 70 criteria was achieved in 67%, 54%, and 30% of the patients at one month, in 79%, 61%, and 39% at three months, in 82%, 70%, and 50% at six months, and in 80%, 71%, and 54% at 12 months, remaining at these levels thereafter.
RESULTS

Up
Subtype analysis showed a markedly lower therapeutic efficacy in patients with systemic arthritis. After one month of treatment, 48%, 33%, and 11% of patients reached a 30%, 50%, and 70% response, respectively. At three months the number of patients increased to 63%, 39%, and 24% and subsequently remained stable ( fig 1A) . Of a total of 66 patients with systemic JIA, 17 (26%) discontinued treatment. The reason for discontinuation was inefficacy of treatment in 14 cases (21%).
In non-systemic JIA, the 30%, 50%, and 70% levels of efficacy were reached by 74%, 60%, and 34% of patients, respectively, after one month, and this increased to 90%, 82%, and 64% at the end of the first year of treatment ( fig 1B) . Thus therapeutic efficacy started early and increased further during the first year of treatment. Although the number of patients achieving a 30% response did not increase between three months (79%) and 12 months of treatment (81%), the degree of response increased during that period as the number of patients achieving a 50% and 70% response increased by 10% and 16%, respectively.
Of 256 non-systemic patients, 36 discontinued treatment (21%), 11 of these (4%) because of inefficacy and 12 because of clinical remission as judged by the local physician. Patients with systemic JIA discontinued treatment because of a lack of response significantly more often than non-systemic patients (p,0.0001, x 2 test).
Complete remission
So far no criteria for complete clinical remission in JIA have been defined, but work on definition of such criteria is in progress. Fatigue-which is included in the American College of Rheumatology criteria for complete remission in rheumatoid arthritis-was not recorded. 19 Thus complete response was defined by four of the following requirements: morning stiffness ,5 minutes, no tender joint, no swollen joint, and a normal ESR (below 16 mm/hour). In all, 72 patients (26%) reached this level of response.
Remission as defined by these criteria was achieved in eight patients with systemic JIA (13% of all systemic JIA patients), in 14 with rheumatoid factor negative polyarthritis (17%), in 11 with rheumatoid factor positive polyarthritis (30%), in five with persistent oligoarticular JIA (62%), in 14 with extended oligoarticular JIA (28%), and in 20 with other subtypes of JIA (40%). Patients with systemic JIA were less likely to experience complete remission. The presence of rheumatoid factor in patients with polyarthritis did not seem to influence the remission rate.
Treatment was discontinued in 14 patients because of long term remission as determined by their physicians. In seven of Patients with non-JIA diagnoses were followed for safety items only. CRMO, chronic recurrent multifocal osteomyelitis; NOMID, neonatal onset multisystemic inflammatory disease.
these, however, the disease flared up after one (n = 3), two (n = 3), and 11 months (n = 1). A relation between treatment duration and relapse of the disease could not be demonstrated. Etanercept was reintroduced in five of these patient, resulting in the same efficacy as initially.
Concomitant treatment
Combination treatment with oral corticosteroids was used in 199 patients (68%) and combination treatment with methotrexate in 235 (80%). Corticosteroids were discontinued in 50 patients and methotrexate in 25. At the start of etanercept therapy, no difference was found between children treated with methotrexate and those without methotrexate with respect to disease duration, presence and duration of morning stiffness, number of tender, swollen or restricted joints, and values for ESR and C reactive protein (data not shown). Comparison of the frequency or kinetics of the response to etanercept treatment showed no differences in patients treated with methotrexate in combination therapy compared with those without methotrexate treatment. During follow up, the number of patients reaching a clinical condition in which there were no tender joints was greater in the combination group (at 12 months, 57% v 48%; at 24 months 67% v 42%). There was no difference in the number of patients without swollen joints, without morning stiffness, or with an ESR below 16 mm/hour. However, patients treated with methotrexate and etanercept in combination were more likely to achieve complete remission (29% v 14%, p = 0.07, x 2 test). The likelihood of patients with systemic onset JIA achieving complete remission was lower than in non-systemic-onset JIA (12.5% v 31%, p,0.02, x 2 test); 35% of non-systemic-onset JIA patients treated with etanercept and methotrexate in combination and 13% of those without methotrexate achieved complete remission (p,0.02, x 2 test). In the combination group significantly fewer patients discontinued etanercept (17% v 30%, p,0.01, x 2 test), which reflected a lower rate of inefficacy (7% v 15%, p,0.05, x 2 test).
Adverse effects and discontinuations
During about 592 patient-years of treatment, there were 69 reports of adverse events in 56 patients. There were no opportunistic infections or lupus-like reactions, but there were 20 reports of infections or infection related events (table 3) . Forty nine reports were unrelated to infections. There were 57 reports of non-severe and 12 reports of severe adverse events, including one case of pneumonia requiring mechanical ventilation, one carcinoma of the thyroid occurring in a 19 year old female patient after nine months of treatment, and a case of toxic epidermal necrolysis developing after a patient started using an oral contraceptive.
In that case treatment with both the contraceptive and etanercept was stopped and the patient recovered completely. Etanercept was subsequently reintroduced without any problem. Treatment was permanently terminated because of adverse events in 11 patients (table 4) . In one patient who suffered from aseptic meningitis and epilepsy before the diagnosis of JIA, febrile seizures occurred during rotavirus enteritis but the neurological status was unremarkable. Subsequently, demyelination was visible on magnetic resonance imaging (MRI), and oligoclonal bands were found in the cerebrospinal fluid. An extensive infection work up was negative. Etanercept was discontinued. Six months later the cerebral lesions were still present. Patient's global assessment`56 (27) 24 (22) 19 (19) 18 (20) 16 (18) 17 (23) 17 (18) Physician assessment`67 (25) 32 (26) 26 (26) 24 (25) 20 (23) 23 (27) 20 (21) ÀThe range of scores for the CHAQ is 0-3 (0 = best, 3 = worst). A 100 mm scale was used to assess the patient's and physician's global assessment of disease activity (0 = best, 100 = worst). CHAQ, child health assessment questionnaire; ESR, erythrocyte sedimentation rate; JIA, juvenile idiopathic arthritis; LOM, limitation of movement.
Treatment was temporarily discontinued in 12 patients. Adverse events resolved in all but two cases (itching (1), uveitis (1)). The adverse event reoccurred upon reintroduction of etanercept in one patient (itching).
Treatment was discontinued in 53 JIA patients and four patients with reactive arthritis, neonatal onset multiorgan inflammatory disease (NOMID), idiopathic uveitis, and infantile sarcoidosis (table 4). In 27 cases (50%), this was because of inefficacy as judged by the responsible physician. Fourteen of these patients belong to the systemic arthritis subgroup. In 11 cases (20%), treatment was discontinued because of adverse events as listed in table 4. One patient developed lymph node enlargement. In three patients treatment was discontinued because of uveitis. The joint disease was well controlled in these patients. Treatment was also discontinued in one patient with asymmetrical oligoarticular JIA (primarily classified as psoriasis and arthritis) who developed Crohn's colitis and in one who was diagnosed as having Takayasu's arteritis.
DISCUSSION
This study provides data about the treatment with etanercept in more than 300 patients diagnosed with JIA. So far, this is the largest number of such patients reported. The major results of this study were as follows: first, there was a high response rate to etanercept in patients with JIA who were previously unresponsive to several anti-rheumatic drugs including methotrexate; second, there was rapid improvement after starting the drug (improvement was already clearly present after one month of treatment); third, there was a continuous increase in the number of patients responding and in the strength of improvement during the first year of treatment; fourth, the response rate was higher in patients with non-systemic-onset JIA than in those with systemic onset; fifth, only a few patients discontinued treatment; and finally, there were few adverse events.
This study confirms previous findings from a case-control study on 69 patients published by Lovell et al, 6 as well as from several case series that were published thereafter. [7] [8] [9] [10] [11] More than 80% of JIA patients showed a response of at least 30%, starting after one month of treatment. After six months at least 70% of patients showed a 50% response rate and 50% of patients had a 70% response rate. A marked decrease or even loss of morning stiffness and joint pain was noted during the first month of treatment, followed by a decrease in the swollen and tender joint count. The extent of the response during the first three months of our investigation is comparable to the results published by Lovell et al. 6 In that study 69 JIA patients had been treated initially on an open basis for three months and 51 (74%) showed a response. The results of the data presented suggest that a three month period is not long enough to assess the therapeutic success rate as at least 30% of responders continued to improve (to a Figure 1 Incidence of 30%, 50%, and 70% improvement in patients with juvenile idiopathic arthritis (JIA) receiving etanercept treatment, according to the core set criteria. Data on 275 patients are included. Analysis was undertaken by LCOF (last observation carried forward). (A) 48 JIA patients with systemic onset and a treatment duration of at least two months. Four patients were excluded because treatment had been discontinued earlier; in eight patients month 1 data were missing; eight patients with systemic onset JIA discontinued treatment prematurely. At last report, a 30%, 50%, or 70% response level was reported in one, one, and two patients, respectively, while four were non-responders. (B) 222 JIA patients with non-systemic-onset. In 32 patients month 1 data were missing. The number of non-systemic-onset JIA patients who met the 30%, 50% and 70% response criteria exceeded the number of systemic onset JIA patients who met the core set criteria. Twenty four of 222 patients with non-systemic-onset JIA discontinued prematurely. At last report a 30%, 50%, or 70% response level was reported in four, six, and eight patients, while only six were non-responders. final figure of about 80% at the end of the first year). In nonsystemic-onset JIA, about 90% of patients met the 30% response level and remained there long term. Apart from the initial paper by Lovell et al, reports on the treatment of JIA using etanercept or comparable biological agents are limited (table 5) . Severe adverse events occurred rarely and did not in general limit the applicability of the drug.
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Long term treatment of JIA patients has been documented by Lovell et al 20 in an open extension study. Forty eight of the 58 patients involved in the controlled trial were observed for two years; 81% had a response rate of 30%, 79% a response rate of 50%, and 67% a response rate of 70%. There were 10 withdrawals, seven because of suboptimal clinical response, four of whom belonged to the systemic onset JIA subgroup. ÀNon-compliance (n = 3), change in diagnosis (n = 2). In one child with oligoarticular JIA a severe flare up of uveitis occurred during a phase of long term remission of the articular symptoms. JIA, juvenile idiopathic arthritis. Long term extension study in 51 patients of (A+B) and 7 patients of (A). In 48 patients treated for 2 years a response rate of 30%, 50%, and 70% was observed in 81%, 79%, and 67% of patients. Five of 12 systemic onset patients terminated prematurely compared with five of 46 non-systemic onset patients
Varicella with aseptic meningitis and cervical subluxation (n = 1, w); sepsis (n = 1, w); abdominal pain (n = 1); soft tissue infection (n = 1); peritonitis/appendicitis (n = 1); postoperative wound infection (n = 1); type 1 diabetes (n = 1); dental abscess Five of 12 patients with systemic JIA terminated etanercept prematurely compared with four of 46 non-systemic-onset JIA patients. A lower rate of efficacy of etanercept treatment in systemic onset cases has been described in further small series. 8 12 13 Our analysis of JIA subgroups revealed marked differences in therapeutic efficacy: patients with systemic JIA were less likely to achieve a 30%, 50%, or 70% response level. Discontinuation for lack of efficacy occurred more often in patients with systemic arthritis than in those with other subtypes, indicating that these patients may either be less responsive to treatment with TNF antagonists or they may suffer from more severe disease. As the frequency of systemic arthritis in European studies ranges from 12% to 14%, a significant number of patients remained untreatable despite the use of TNF antagonists.
A study from France involved 61 JIA patients, 22 of whom had systemic onset disease. 13 Multivariate analysis showed that systemic onset JIA was associated with a significantly greater risk of not achieving a 30% improvement. There was a noticeable discrepancy between the findings of this study and those of other studies and case series. The initial response rate was comparable to that of the larger series of patients reported here, as well as those reported by Lovell et al. 6 However, in the French series the number of patients with a sustained improvement decreased markedly to 39%, in contrast to our data and the trial mentioned above. 20 The reason for this discrepancy remains unclear. The French investigators had a large number of discontinuations because of adverse events (table 5) . Most of these events also occurred in our patients, although with a much lower frequency of discontinuation.
In the present study, the treatment showed an excellent safety profile. The number of non-severe infections was small, although it can be assumed that not all minor infections have been documented. There was a single case report on demyelination, which persisted after discontinuation of etanercept for at least six months in a child with a history of aseptic meningitis and seizures before the introduction of etanercept. So far demyelination has been described in three patients with JIA and in a further 17 arthritic patients treated with either etanercept or infliximab. 21 22 Discontinuation of anti-TNF therapy resulted in complete or partial resolution of symptoms in all patients. TNF is thought to play a major role in the pathogenesis of inflammatory demyelinating disease of the central nervous system. [23] [24] [25] Therefore, children with JIA treated with anti-TNF agents may be at risk for the development of inflammatory demyelination. We suggest that MRI of the CNS should be undertaken, at least in patients with a preceding neurological disease who may be at higher risk.
The therapeutic efficacy of etanercept in chronic uveitis has not been evaluated extensively. In one open trial, a significant fall in cellularity was observed in 10 of 16 affected eyes, and four of 18 eyes showed complete remission. 26 There were also several children who developed uveitis upon treatment. It has to be assumed that in these patients treatment was not sufficient to prevent or treat uveitis.
Conclusions
TNFa antagonists open new perspectives for treatment of JIA as they produce dramatic improvement in patients with severe, so far intractable disease. In comparison with adult patients, experience in using TNFa blocking agents in childhood is limited. Current recommendations for treatment with TNFa inhibitors are poorly supported by long term data. Therefore a registry like the one presented here may help to optimise the treatment of a complex and debilitating disease such as JIA. 14 27 
